A new image denoising algorithm is proposed. GA-ELM algorithm uses genetic algorithm (GA) to decide weights in the Extreme learning Machine algorithm. It has better global optimal characteristics than traditional optimal algorithm. In this paper, we used GA-ELM to do image denoising researching work. Firstly, this paper uses training samples to train GA-ELM as the noise detector. Then, we utilize the well-trained GA-ELM to recognize noise pixels in target image. And at last, an adaptive weighted average algorithm is used to recover noise pixels recognized by GA-ELM. Experiment data shows that this algorithm has better performance than other denoising algorithm.
Introduction
Digital images are frequently corrupted by impulse noise during image gaining or transmission. Preservation of image details and attenuation of noise are the two important requirements of image processing, but they are contradictory in nature. So this research emphasis is on the removal of impulse noise while lessening the loss of details as low as possible.
Compared with traditional algorithms, nonlinear techniques have superiority and provide more satisfactory results while preserving image details. The most basic nonlinear filter is the standard median (SM) filter [1] . It replaces each pixel in the image by the median value of the corresponding neighborhood window centered at this pixel. The SM filter works effectively for low noise densities but at the cost of blurring the image. One solution to this problem is the weighted median (WM) filter [2] which gives more weight to some values within the window than others. It emphasizes or deemphasizes specific samples, because in most applications, not all samples are equally important. The special case of the WM filter is the centre weighted median (CWM) [3] filter which gives more weight only to the centre value of the window. However, these filters do not perform well at higher noise densities. Besides, the filtered image is blurred with poor preservation of the image details. Each pixel of the image is considered to be noisy which may not be in practice. These filters do not detect whether a pixel in the image is actually corrupted by impulse or not and simply replace each pixel by the median value. A better tactic to avoid this drawback is to incorporate some decision making or switching action in the filtering. Firstly, it finds out whether each pixel is contaminated or not. Then, recovery method is applied on the pixel only if it is corrupted by noise. Corrupted pixels are replaced by the median values, while the noise-free pixels are left unaltered. Since not every pixel is filtered, undue distortion can be avoided as far as possible.
In recent years, there been having many researchers try to combine GA with Artificial Neural Networks (ANNs), to find an effective solution to complex problem and have a better understanding to the relations between learning and evolution, which become an active topic in the field of artificial life [3] [4] [5] [6] .
This paper proposes making use of gene algorithm to improve backpropagation neural networks to find the most suitable network connection weights and network, then form a GA-ELM model and apply it to image denoising. The experiment points out that it gains good performance in image denoising.
Related Theory

Noise Model
The classical salt and pepper noise is added to the value interval in , where  is 0 or a small positive integer. The model for images with noise is described as follows [7] : (with usual value of 0 or 255), and p is the noise density.
Rank-Ordered Logarithmic Difference
In the literatures [15], Dong et al. proposed a new local image statistic ROLD which is based on ROAD feature [16] . It can identify more noisy pixels with less false hits and can be well applied to deal with random-valued impulse noise. Simulation results show that it outperforms a number of existing methods both visually and quantitatively. Based on this report, we adopt it in our algorithm. Its definition is shown as follows.
(1) Map the gray value of image For a variation between the noise pixel and its adjacent pixel in the window, the ROLD value will be a high integer. Based on this value, the ROLD of a normal pixel should be smaller for the consistency between itself and its adjacent pixel. Therefore, ROLD serves as an important definition of pixels and distinguishes between noise pixels and normal pixels. GA-ELM algorithm uses genetic algorithm (GA) to decide weights in the Extreme learning Machine algorithm. It has better global optimal characteristics than standard ELM algorithm.
Denoising algorithm
Noise pixels should be replaced by estimating the original value, and better noise filtering is generally achieved when the estimated value is closer to the original value. In this paper, we used an adaptive weighted average algorithm which varies for windows size and distance. This algorithm works as follows.
( 
Conclusion
This paper proposes a new denoising algorithm which uses GA-ELM as noise detector and ROLD feature as input. According to the result of experiment, compared with some other traditional image denoising methods, the algorithm this paper proposed performed effectively in aspects of noise removal and detail preservation, and its merit will be more obvious under higher noise densities.
